We wish to alert anaesthetists to a particular problem we have encountered when using diathermy during surgical procedures in patients with a META pacemaker (Telectronics) in situ. The META is one example of a new type of VVI pacemaker which alters pacing rate to match patients' exertional requirements (i.e. "rate-responsive"), in this case by sensing changes in minute ventilation. As patients benefit from this more physiological effect, the insertion of these pacemakers is becoming more popular and more than three thousand META pacemakers have been inserted in Australia since 1987 (communication from Telectronics). The following two cases illustrate a potentially serious new problem associated with the use of this particular type of pacemaker during surgery.
CASE REPO RTS
Case 1: An 87-year-old, 56 kg woman presented for revision of a right-hip arthroplasty. Previous surgery had been uneventful, including revision arthroplasty of the other hip 18 months previously. Her medical problems included ischaemic heart disease and chronic airways disease. A META pacemaker (Telectronics) had been inserted via the right subclavian approach five months previously for complete heart block. The day before her surgery the pacemaker function was checked and found to be functioning satisfactorily in the rateresponsive mode by a cardiology department technician. The programmed pacing range was 60 to 130 pulses per minute. Routine preoperative investigations, including chest X-ray and serum electrolytes were normal. ECG revealed a paced rhythm of 70 beats per minute.
An epidural catheter was inserted at the U-2 interspace and 4 ml of bupivacaine 0.5070 administered as a test dose. Monitoring included direct intra-arterial pressure measurement. Following the induction of anaesthesia with fentanyl 200 mcg, thiopentone 150 mg and vecuronium 6 mg the patient was intubated and mechanically ventilated with a tidal volume of 600 ml at a rate of seven breaths per minute. Anaesthesia was maintained with nitrous oxide-oxygen-isoflurane with an inspired oxygen fractional concentration of 0.32. During the twenty minutes from induction to initial skin incision the patient was haemodynamically stable, with a systolic arterial pressure of 100 mmHg and a heart rate of 68 beats per minute. There was no evidence of pacemaker dysfunction during this period.
The patient was placed in a supine position with a small wedge under her right hip to enable adequate surgical exposure. After initial skin incision, cutting (unipolar) diathermy (Valleylab-Force 2) at 60 watts was commenced; immediately the patient's pacing heart rate increased to 130 beats per minute and the systolic arterial pressure fell to 65 mmHg. SpO, remained at 98070. At the anaesthetist's request diathermy was discontinued. Over the next three minutes the heart rate and arterial blood pressure returned to their postinduction values. The diathermy ground plate, which had been placed on the left thigh, was now repositioned on the left calf. Despite this, a further short burst of unipolar diathermy had the same detrimental effect so surgery was discontinued. When the pacemaker was changed to a non-rate-responsive mode (VVI) by using an external programmer, the surgery continued uneventfully despite the use of unipolar diathermy.
Case 2: An 80-year-old man presented for left inguinal hernia repair under epidural anaesthesia alone. His past history included pacemaker insertion via the right subclavian vein for complete heart block six months previously, but the details of the pacemaker type were not immediately available nor sought after. Preoperative ECG revealed a paced rhythm of 72 beats per minute and the chest X-ray and electrolytes were normal. The function of the pacemaker had been checked at a recent pacemaker outpatient clinic. Epidural local anaesthetic blockade was performed and a sensory block to no was obtained with lO ml bupivacaine 0.5070. Routine monitoring was employed intraoperatively, including ECG and NIBP. Prior to the start of surgery the paced heart rate ranged between 70 and 80 beats per minute. On commencement of unipolar diathermy (30 watts, Valleylab-Force 2), the paced heart rate increased to 150 beats per minute, with no observed change in blood pressure. Diathermy was discontinued and the paced heart rate returned to its baseline value. The diathermy ground plate had been positioned on the left thigh and was repositioned on the right thigh. As subsequent unipolar diathermy provoked further tachycardia, surgery was continued using bipolar diathermy without further effect on pacemaker function. Subsequent enquiries identified the pacemaker as a MET A Telectronics device programmed to a rate range of 70 to 120 pulses per minute.
DISCUSSION
These two cases illustrate the effect of diathermy seriously interfering with the function of an implanted META pacemaker, causing a rapid pacing rate and sudden hypotension. Interference comes from the use Anaesthesia and Intensive Care. Vol. 21, No. 4, August, 1993 of unipolar diathermy, regardless of the position of the ground plate, but not from bipolar diathermy.
The META pacemaker is designed to be a "rateresponsive" ventricular device (VVIR), changing the ventricular pacing rate in parallel with changes in minute ventilation. The latter closely correlates to heart rate during activity in a normal person. To achieve this the pacemaker assesses minute ventilation from changes in transthoracic impedance. The impedance is monitored by short-duration, low-amplitude, constant-current pulses generated by the proximal ring electrode of the pacemaker lead at the ventricular apex and detected by the distal tip electrode with reference to the pulse generator case. Maximum and minimum pacing rates are programmed into the pacemaker. Apparently, unipolar diathermy "scrambles" this sensing system, inappropriately increasing the pacing rate of the pacemaker, often to the maximum programmed rate.
Normally, with exercise, the increased heart rate induced by the META pacemaker enhances the cardiac output despite a reduced diastolic filling time and a lack of coordinated atrial activity. This is assisted by the sympathetic nervous system through increases in myocardial contractility, venous tone and venous return. Diathermy-induced rapid ventricular pacing with the associated reduced diastolic filling time and absent atrial boost, but now without the autonomic changes usually seen with exercise, may produce profound hypotension, as observed in Case 1. This is compounded by the presence of general and/or spinal anaesthetic agents. A further problem is that the pacing artefact ("spikes") on an ECG monitor or hard copy may be very small and difficult to see at rapid rates, suggesting an appearance of ventricular tachycardia.
Whilst the protective circuitry of pacemakers has been improved, cases are still reported of pacemaker inhibition and ventricular fibrillation during the use of diathermy!" For all pacemakers it has previously been suggested diathermy be applied in short bursts, the ground plate be positioned as remote as possible from the surgery so as to minimise electromagnetic interference through the pacing system, and that the diathermy current should be as low as possible. J However, the META rate-responsive pacemaker is more vulnerable than non-rate-responsive VVI pacemakers and overpaces immediately on application of unipolar diathermy regardless of ground plate positioning, as illustrated in our two cases. A recent review of rateresponsive pacemakers with anaesthesia does not mention paced tachycardia induced by unipolar diathermy4 and we are unaware of previous reports in the literature.
There are several solutions to this problem. The pacemaker is programmable and the simplest solution is to reprogram the pacemaker preoperatively to a nonrate-responsive mode, e.g. VVI. If this is not possible, or has been overlooked, bipolar rather than unipolar diathermy should be used, although this may not always be practicable. If unipolar diathermy cannot be avoided the pacemaker should, if possible, be intraoperatively reprogrammed to the VVI mode (as in Case 1). As a last resort, the pacemaker can be converted to fixed rate asynchronous pacing by application of a permanent magnet over the generator, which will deactivate the rate-responsive system. The resulting pulse rate will be between 85 and 100 pulses per minute (depending on battery life). The pulse generator returns to its programmed state upon removal of the magnet. It should be noted, however, that prolonged applicaion is not desirable as there is no ventricular sensing, which may lead to the induction of ventricular tachyarrhythmias. The manufacturer of the META pacemaker states that use of diathermy whilst a magnet is sited over their pacemaker will not cause reprogramming of the generator to a new pulse rate. Such "phantom reprogramming" has occurred in other types of pacemaker, to the patient's detriment, when diathermy and a magnet are used together. 2 ,5 The observed interaction of diathermy and META pacemakers, illustrated in these two cases, is clearly outlined in the physician's manual supplied to the pacemaker implanter by the manufacturer. However, we believe that knowledge amongst anaesthetists of this potentially serious matter is not widespread. In these two cases the pacemaker function had recently been checked by a cardiology technician and the anaesthetist was unaware that a "properly functioning" pacemaker could immediately overpace with the application of unipolar diathermy. The user manual also warns that the META pacemaker may respond to changes induced by mechanical ventilation when in the "rateresponsive" mode. There has been a report of inadvertent manual hyperventilation causing a paced tachycardia and hypotension in a patient with a MET A pacemaker. 6 This is another reason why such rateresponsive pacemakers should be preoperatively programmed to the VVI mode to exclude the rateresponsive function. 4 Postoperatively, the pacemaker should be programmed back to the rate-responsive mode, to allow the patient's cardiac output to meet the increased metabolic demands of the postoperative period.
Most pacemaker patients carry a pacemaker identification card with them, which should be checked preoperatively by anaesthetists. In addition we would recommend that pacemaker implanters, following insertion of a META pacemaker, specifically alert their patients to this potentially serious problem with diathermy use. A specific notation could be added to the pacemaker identification card to alert anaesthetists and surgeons, such as: "This pacemaker is rateresponsive and will need reprogramming prior to surgery requiring unipolar diathermy' '.
